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Scientific Rationale

LiteBIRD -Lite (Light) satellite for the studies of B-mode polarization and
Inflation from cosmic background Radiation Detection- Experiment— measure CMB angular power
spectrum in seek of B-modes

CMB anisotropies — Inflation Hypothesis

Inflation— Primordial gravitational waves— Tensor Perturbations—B-mode polarization

/ E-modes (symmetric under parity

Polarization anisotropies (Linear polarization) transformation w.r.t. the propagation direction)

B-modes (antisymmetric under parity
transformation w.r.t. the propagation direction)

Progress of Theoretical and Experimental Physics,
Volume 2023, Issue 4, April 2023, 042F01,

https://doi.org/10.1093/ptep/ptac150
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Scientific Rationale
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Technical Objectives, Methodologies and Solutions

-Objective: Recover parameters from Time Ordered
Data (TOD)

The analysis pipeline has the objective to
compress a large amount of data to extract few
parameters.
This is an expensive process— simulations with
mocked data will help us in preparation of the
actual data.

- Addressing the role of systematic effects is
crucial in order to define a complete analysis
pipeline.

Max Tegmark and Angelica de Oliveira-Costa
Phys. Rev. D 64, 063001 — Published 16 August 2001
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Technical Objectives, Methodologies and Solutions

How to simulate the analysis pipeline? — LiteBIRD Simulation Framework

LiteBIRD Welcome to litebird sim’s . . . .
S deshientEs The LiteBIRD simulation framework is a Python

pipeline package that can simulate the data acquisition
Navigation - nsaling the framework process for the three instruments that will be

Comlznts! Hacking litebird_sim

trstallng the Using Singulariy present onboard of the LiteBIRD Spacecraft.

framework « Tutorial

Tutorial

Simulations A «Hello world» example

Detectors, channels, Interacting with the IMO l
and insthuments Creating a coverage map

Of arations Creating a signal plus noise timeline

Data layout « Simulations

Map making e TOD Generation and analysis

Syntheticsky maps Parameter files
Scanning strategy
Bandpasses

Dipole anisotropy
The Instrument Model Logging

Database (IMO) © Monitoring MPI processes

T rdel High level interface Some systematics, such as crosstalk, need to be

Simulations Profiling a simulation

s T added to the framework

Multithreading and « Detectors, channels, and instruments

System abstractions

Interface with the instrument database
Generation of reports

MPI Reading from the IMO ) ) ) i )
Gain drift injection Detectors in parameter files https://litebird-sim.readthedocs.io/en/latest/index.html#
Random numbers in API reference
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Technical Objectives, Methodologies and Solutions

- TODis a time series of data points, indexed and in time order. — LiteBIRD will sample the
sky with a frequency ~19 Hz.

- Inthe actual experiment raw TOD will be used to build a sky map.

- Inthe Simulation Framework we proceed in the opposite direction

From an injected map + Impose a to TOD (numpy arrays)
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Technical Objectives, Methodologies and Solutions

Scanning strategy
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Technical Objectives, Methodologies and Solutions

Once the TOD are generated (comprehensive of noise) we shall recover the sky map by “Inverting” the
TOD equation .

100 GHz, Planck map masked

If only white noise

m = (ATC,1A) ATCL d

—
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Technical Objectives, Methodologies and Solutions

Crosstalk — Different detectors mutually interact with each others
Crosstalk across different frequency channels will mix different amount of foreground components
— biased results

Large number of detectors (~5000) and

o large number of time samples (~10°)
v

Crosstalk will mix the TOD according to — dt = — Big Data and parallelization problem

J

Experimentalists can reduce the crosstalk in the design, our objective is to address the amount of bias
injected into the signal from a given crosstalk matrix.

Our Final Task is to perform simulations with different crosstalk matrices in
order to study their impact on the final results.
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Timescale, Milestones and KPlIs

Milestone 7-8
e Study the literature
e Understand the problem
e Develop a scientific project

Milestone 9 (June 2024-October 2024) . :
e Study the crosstalk and how to implement it I:> KPls: simulation reports

e Debug

Milestone 10 ( -August 2025 ?)
e Optimization
Final Simulations KPls: Simulation reports, draft of
Study the results |:> the paper and/or github package
Write a Paper

[ ]
[ ]
[ ]
e Release on Github
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Accomplished Work, Results

- Study of the literature and framework
- Perform exploratory simulations

- Implement conversion of temperature maps in power units

c2 c? 2 2
P= /dVG(V)EIx(V) = /dVQ(V)ﬁ b(v) T cmb (V) P= /dvg(v)c—zjx(v) = Tx,cmb(ﬁ)/dvg(v)c—z b(v)
12 Vv
B.(T) = 2hv? T b(v) = 48,(T) TOD in power units can be used to study the
T e ( ) AT Ir=tev detector response in order to improve the

experimental design
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Next Steps and Expected Results

- Study the optimal way to implement crosstalk in the LiteBIRD sim

- Perform first simulations with crosstalk
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Next Steps and Expected Results

Thank you for your attention!
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